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Abstract An efficient and simple new method for the preparation of 1-amidoalkyl-2-naphthols as
biologically interesting compounds is described. The one-pot multi-component condensation of β-
naphthol, aromatic aldehydes and acetamide/urea in ionic liquid 1-butyl-3-methylimidazolium bromide
([Bmim]Br) under microwave and catalyst-free conditions affords the title compounds at high yields and
in short reaction times.
© 2011 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
1-Amidoalkyl-2-naphthol derivatives are of importance as
they can be easily hydrolyzed to 1-aminoalkyl-2-naphthols.
1-Aminoalkyl-2-naphthols have been frequently applied as hy-
potensive and bradycardiac agents [1,2]. 1-Amidoalkyl-2-
naphthols can also be converted to 1,3-oxazine derivatives
[3] with different biological activities, such as antitumor [4],
antibiotic [5], antipsychotic [6], anticonvulsant [7], antimalar-
ial [8], analgesic [9], antihypertensive [10], antirheumatic [11]
and antianginal [12] properties. The one-pot multi-component
condensation reaction of β-naphthol with aromatic aldehydes
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Open access under CC BY-NC-ND license.and amide derivatives or acetonitrile has been applied as a use-
ful synthetic route toward 1-amidoalkyl-2-naphthols [13–24].
Some catalysts have been used to perform this transforma-
tion, including p-toluenesulfonic acid [13], cation-exchanged
resins [14], sulfamic acid/ultrasound [15], montmorillonite
K10 clay [16], H3PW12O40 [17], K5CoW12O40.3H2O [18], Sr
(OTf)2 [19], Ce(SO4)2 [20], iodine [21], cyanuric chloride [22],
Fe(HSO4)3 [23] and FeCl3.SiO2 [24]. Nevertheless, many of the
reportedmethods are associated with some drawbacks, such as
low yield of products, long reaction times, use of toxic, corro-
sive, expensive or non-reusable catalysts, application of large
amounts of catalyst, and no agreement with green chemistry
protocols. Furthermore, no catalyst-free protocol for the syn-
thesis of 1-amidoalkyl-2-naphthols has been reported in the lit-
erature so far.
Currently, catalyst-free reactions have been the subject of
considerable attention because of advantages, such as ease of
experimental procedure as well as workup, low cost, the pos-
sibility of using acid- or base-sensitive substrates, and environ-
mentally benign processes [25–36].
The removal of volatile organic solvents in organic reactions
is the most important goal in green chemistry. One of the
most efficient protocols to reach this aim is replacement of the
volatile solvents with ionic liquids possessing low volatility,
high thermal stability, non-flammability, recyclability and
unique catalytic activity [35–46]. The application of microwave
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area; this has opened up the possibility of realizing the fast
synthesis of organic compounds [35–45,47–50]. From the
perspective of microwave chemistry, the strong polar nature
of ionic liquids makes them an ideal reaction medium in
microwave-assisted organic reactions [35–45].
In this work, we wish to introduce an attractive novelty
to the synthesis of 1-amidoalkyl-2-naphthols, and perform
this reaction without a catalyst in ionic liquid media. Herein,
in continuation of our previous studies on methodology in
organic transformations published in this journal [46,51], we
report a highly efficient, green and catalyst-free protocol for
the one-pot multi-component condensation of β-naphthol,
arylaldehydes and acetamide or urea in ionic liquid 1-butyl-
3-methylimidazolium bromide ([Bmim]Br) under microwave
irradiation to afford 1-amidoalkyl-2-naphthol derivatives at
high yields (Figure 1). It is noteworthy that this work has none
of the above-mentioned drawbacks at all.
2. Results and discussion
As mentioned previously, catalyst-free reactions are very
important andhave several unique advantages.Moreover, there
is no report on the catalyst-free preparation of 1-amidoalkyl-2-
naphthol derivatives as in a class of themost significant organic
compounds. We have also performed the efficient synthesis of
bis(indolyl)methanes [35] and N-sulfonyl imines [36] in ionic
liquid [Bmim]Br under catalyst-free andmicrowave conditions.
These subjects encouraged us to examine the synthesis of 1-
amidoalkyl-2-naphthols in ionic liquid media, in the absence
of a catalyst, under microwave irradiation. For this purpose,
the three-component reaction of β-naphthol (3 mmol) with
benzaldehyde (3mmol) and acetamide (3.9mmol)was checked
in different amounts of [Bmim]Br (0.25–1.25 g) at a range
of 300–900 W of microwave power (90–140 °C) without a
catalyst. The best results (yield: 94%; reaction time: 25 min)
were obtained when the reaction was carried out in 1 g of
the solvent at 800 W and 130 °C. The condensation of β-
naphthol with benzaldehyde and acetamidewas also examined
under solvent-free conditions at 800 W (130 °C); however,
these conditions gave the product 34% yield after 40min. These
results showed that ionic liquid media is an essential factor in
promoting the reaction. It has been proved that ionic liquids can
stabilize charged intermediates and enhance reaction rates [35,
52]. Furthermore, these polar solvents absorb microwave
irradiation and increase reaction temperature rapidly [35,39].
In another study, the model reaction was tested in different
ionic liquids, including [Bmim]Br, [Bmim]I, [Bmim]Cl and
[Bmim]PF6 at 800 W (130 °C), in which [Bmim]Br was more
efficient.
To assess the efficiency and scope of the catalyst-free
method, β-naphthol was reacted with various aromatic alde-
hydes and acetamide/urea. The results are displayed in Table 1,which indicates that all reactions proceeded efficiently, and the
desired products were produced at high yields and in short re-
action times. The effect of electron-withdrawing substituents,
electron-releasing substituents and halogens on the aromatic
ring of aldehydes on the reaction results was investigated. As
seen in Table 1, electron-withdrawing substituents and halo-
gens had no significant effect on the yields and reaction times
(entries 2, 3, 6, 7, 9, 10, 12 and 13). However, electron-releasing
groups slightly decreased the yields and increased reaction
times (entries 4 and 5). Furthermore, the method worked well
when urea, instead of acetamide, was applied in the reaction
(entries 11–13).
Ease of recycling is a useful feature of ionic liquids. For
the reaction of β-naphthol with benzaldehyde and acetamide
(model reaction), no significant loss of the product yield was
observed when [Bmim]Br was reused, even after three times
recycling (see Table 2).
To compare the efficiency and applicability of our method
with reported methods for the synthesis of 1-amidoalkyl-2-
naphthols, we have tabulated the results of these methods to
perform the condensation of β-naphthol with benzaldehyde
and acetamide in Table 3 which shows that our catalyst-free
method is superior to the previously reported methods in term
of yields and/or reaction times.
3. Conclusion
In summary, we have developed the first catalyst-free pro-
cedure for the multi-component condensation of β-naphthol
with aromatic aldehydes and acetamide/urea in ionic liquidme-
dia. The promising points for the presented methodology are
efficiency, generality, high yields, short reaction times, cleaner
reaction profile, ease of product isolation, simplicity, potential
for recycling of the solvent, and low cost, which make it a use-
ful and attractive process for the synthesis of 1-amidoalkyl-2-
naphthols as biologically interesting compounds.
4. Experimental
All chemicals were purchased fromMerck or Fluka Chemical
Companies. All reactions were carried out using a laboratory
microwave oven (MicroSYNTH, Milestone Company, Italy). The
1H NMR (250 MHz) and 13C NMR (62.5) spectra were run on a
Bruker Avance DPX-250, FT-NMR spectrometer, δ in parts per
million (ppm). Melting points were recorded on a Büchi B-545
apparatus in open capillary tubes and all are uncorrected.
4.1. General procedure for the catalyst-free synthesis of 1-
Amidoalkyl-2-naphthols and recycling of [Bmim]Br
To a mixture of β-naphthol (0.432 g, 3 mmol), aldehyde
(3 mmol) and amide derivative (3.9 mmol) in a microwave
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Entry Aldehyde Product Time (min) Yielda (%) m.p. °C (lit.)
1 25 94 238–240
(241–243) [20]
2 25 90 239–241
(236–237) [15]
3 25 88 246–248
(248–250) [17]
4 35 78 197–199
(200–202) [14]
5 35 86 224–226
(220–222) [17]
6 30 93 196–198
(194–196) [15]
7 30 90 220–222
(224–227) [20]
8 30 85 197–199
(200–202) [17]
9 30 88 227–229
(228–230) [16]
10 30 89 206–208
(203–205) [15]
11 40 86 174–176
(172–174) [15]
(continued on next page)vessel was added [Bmim]Br (1 g), and the resulting mixture
was irradiated and stirred in a microwave oven at maximum
of 800 W and 130 °C. The microwave oven was programmedto enhance the internal reaction temperature to 130 °C within
5 min, and then continue suitable irradiation (0–800 W)
at this temperature for the appropriate time. The combined
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Entry Aldehyde Product Time (min) Yielda (%) m.p. °C (lit.)
12 40 81 183–185
(184–186) [15]
13 40 79 174–176
(168–169) [15]
a Isolated yield.Table 2: The reaction of β-naphthol with benzaldehyde and acetamide in
recycled [Bmim]Br.
Entry Cycle Time (min) Yielda (%)
1 1st run 25 94
2 2nd run 25 93
3 3rd run 28 90
4 4th run 32 88
a Isolated yield.
Table 3: Comparison of the results of the condensation of β-naphthol
with benzaldehyde and acetamide in [Bmim]Br with those obtained by the
reported methods.
Entry Catalyst Time
(min)
Yield
(%)
Ref.
1 Catalyst-free 25 94 –a
2 Sulfamic acid 15 89 15
3 Montmorillonite K10 clay 90 89 16
4 K5CoW12O40.3H2O 120 90 18
5 Ce(SO4)2 2160 72 20
6 I2 330 85 21
7 Cyanuric chloride 10 91 22
8 Fe(HSO4)3 65 83 23
9 FeCl3.SiO2 11 86 24
a Our presented method.
times are showed in Table 1. Then the reaction mixture was
cooled to room temperature, H2O (10 mL) was added to it
([Bmim]Br is soluble in H2O), stirred for 5 min, and filtered. The
resulting precipitate (crude product) was added to a column
chromatography on silica gel, and eluted with EtOAc/n-hexane
(1/1) to give the pure product. After isolation of the product,
the resulting filtrate, from filtration of the suspended reaction
mixture in H2O, was washed with Et2O (3× 20 mL). Afterward,
the solvent of the aqueous layer was evaporated under reduced
pressure to regenerate [Bmim]Br. The recycled ionic liquid was
reused for the next run under similar reaction conditions.
4.2. Some selected spectral data of the products
N-[(2-Hydroxynaphthalen-1-yl) (phenyl)methyl] acetamide
(1a): White solid; m.p. 238–240 °C (lit. [20] m.p. 241–243 °C);
1HNMR (DMSO-d6): δ 2.06 (s, 3H), 7.01–7.20 (m, 9H), 7.65–7.73
(m, 3H), 8.11 (d, J = 7.7 Hz, 1H), 9.69 (s, 1H); 13C NMR (DMSO-
d6): δ 23.5, 41.3, 118.8, 120.2, 122.0, 123.9, 124.9, 125.7, 127.6,
128.1, 128.3, 128.5, 128.6, 134.2, 144.0, 152.6, 169.6.
N-[(2-Hydroxynaphthalen-1-yl) (3-nitrophenyl) methyl]
acetamide (1b): Pale yellow solid; m.p. 239–241 °C (lit. [15]
m.p. 236–237 °C); 1HNMR (DMSO-d6): δ 2.06 (s, 3H), 7.15–7.49(m, 6H), 7.78–8.04 (m, 5H), 8.54 (d, J = 8.1 Hz, 1H), 10.12
(s, 1H); 13C NMR (DMSO-d6): δ 23.3, 48.1, 118.1, 118.7, 120.5,
122.3, 123.8, 125.7, 127.3, 128.4, 129.1, 129.6, 130.8, 133.1,
134.1, 144.5, 148.7, 152.9, 169.8.
N- [(2-Hydroxynaphthalen-1-yl) (4-chlorophenyl) methyl]
acetamide (1g): Pale yellow solid;m.p. 220–222 °C (lit. [20]m.p.
224–227 °C); 1H NMR (DMSO-d6): δ 2.07 (s, 3H), 7.06 (m, 2H),
7.14–7.24 (m, 5H), 7.68–7.77 (m, 3H), 7.98 (d, J = 7.4 Hz, 1H),
8.16 (d, J = 7.1 Hz, 1H), 9.90 (s, 1H); 13C NMR (DMSO-d6): δ
23.2, 47.6, 118.8, 119.8, 122.1, 123.7, 125.8, 126.9, 127.4, 128.3,
128.6, 129.3, 129.9, 134.0, 143.4, 152.5, 169.8.
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